ELECTRICAL TUBING ASSEMBLY WITH 
HERMETICALLY SEALED ENDS 

Cross Reference to Related Applications 

5 This is a continuation-in-part of U. S. patent application serial no. 09/665,478, entitled 

"ELECTRICAL CONVOLUTED TUBING WITH OVERMOLDED GROMMET" filed 
September 20, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of the invention. 

10 The present invention relates to electrical assemblies, and, more particularly, to electrical 

tubing assemblies. 

2. Description of the related art. 

An electrical tubing assembly is used to carry electrical conductors from one 
location to another and protect the electrical conductors from damage caused by mechanical 

1 5 contact such as may occur during impact or vibration. It is known to provide electrical 
convoluted tubing to carry electrical conductors from one location to another. Electrical 
convoluted tubing typically includes a plurality of generally parallel, annular convolutions which 
allow the tubing to be flexed as it extends from one location to another. The tubing may include 
a longitudinal split along one side thereof allowing the electrical conductors to be inserted or 

20 removed therefrom. 

To prevent the convoluted tubing from being physically damaged and thereby possibly 

damaging the electrical conductors therein, it is also known to carry the convoluted tubing within 

a rubber grommet positioned within a cut-out in a mounting bracket. For example, electric 

motors, engines, household appliances, etc. may include mounting brackets for carrying rubber 

25 grommets. The grommet is a separate piece which is first inserted into a cut-out in the mounting 

bracket. Thereafter, it is necessary to affix the convoluted tubing to the grommet. A problem 
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with this type of assembly is that often times the tubing may be of considerable length to extend 
between the desired termination locations. It is difficult to handle the tubing when affixing it to 
the grommet which results in considerable time being expended to run the electrical conductors 
from one location to another. Moreover, it is not uncommon to damage the convoluted tubing as 
5 a result of the axial force applied thereto trying to attach the tubing to the grommet. Because of 
these difficulties, it is fairly common to first run the electrical conductors through the various 
grommets and then merely cut the convoluted tubing to extend between the grommets without 
going through the grommet. Electrical conductors may therefore be exposed at locations 
adjacent to the grommets, allowing the conductors to be physically damaged and possibly 

10 causing an electrical shorting condition. Long electrical conductors are also frequently damaged 
through handling around metal enclosures with this assembly method. 

Another problem with a tubing assembly as described above is that the one or more 
electrical conductors typically exit the open ends of the tubing near a location where the 
corresponding electrical component to which the electrical conductors are attached is positioned. 

15 It is thus possible for water, dirt or other foreign matter to enter the tubing at the ends thereof. 
The tubing thus does not form an integral assembly with the electrical conductors carried 
thereby, but rather merely functions to protect the electrical conductors from physical damage as 
the conductors extend from one termination location to another. 

What is needed in the art is a tubing assembly which may be sold as a preassembled and 

20 hermetically sealed unit, thereby reducing assembly costs and inhibiting physical damage at the 
end use location. 
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SUMMARY OF THE INVENTION 

The present invention provides an electrical tubing assembly with an electrical 
component, such as an electrical connector, plug, etc., at either end thereof which is associated 
with electrical conductors passing through the tubing and hermetically seals the opposite ends of 
the tubing. 

The invention comprises, in one form thereof, an electrical assembly including at least 
one electrical conductor. A flexible electrical tubing has an end, and loosely carries the at least 
one electrical conductor therein. An electrical component, such as an electrical connector or 
plug, is associated with the electrical conductor and hermetically seals the tubing end. 

An advantage of the present invention is that a conventional tubing, such as a convoluted 
or spiral tubing, is easily and inexpensively transformed into a hermetically sealed assembly for 
conveying electrical power from one point to another. 

Another advantage is that the electrical connector or plug is hermetically sealed with the 
respective end of the tubing using one of a multiplicity of interconnection techniques. 

BRIEF DESCRIPTION OF THF, PR AWTNCS 

The above-mentioned and other features and advantages of this invention, and the 
manner of attaining them, will become more apparent and the invention will be better understood 
by reference to the following description of an embodiment of the invention taken in conjunction 
with the accompanying drawings, wherein: 

Fig. 1 is a perspective view of an embodiment of an electrical assembly of the present 
invention; 

Fig. 2 is another perspective view of the electrical assembly shown in Fig. 1; 
Fig. 3 is a sectional view of the electrical connector shown in Figs. 1 and 2, taken along 
line 3-3 in Fig. 1; and 
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Fig. 4 is a side view of the plug shown in Figs. 1 and 2. 

Corresponding reference characters indicate corresponding parts throughout the several 
views. The exemplification set out herein illustrates one preferred embodiment of the invention, 
in one form, and such exemplification is not to be construed as limiting the scope of the 
invention in any manner. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, and more particularly to Figs. 1 and 2, there is shown an 
embodiment of an electrical assembly 10 of the present invention, which generally includes an 
electrical cable 12, a flexible electrical tubing 14, and a pair of electrical components 16 and 18. 

Tubing 14 loosely carries electrical cable 12 therein. Tubing 14, in the embodiment 
shown in Figs. 1 and 2, is in the form of a convoluted tubing having a non-smooth outer surface 
20 and a non-smooth inner surface 22 (Fig. 3). More particularly, convoluted tubing 14 has a 
plurality of generally parallel, annular convolutions around outer surface 20. The convolutions 
thus define a plurality of longitudinally adjacent lands and valleys alternately positioned adjacent 
to each other along the length of tubing 14. Tubing 14 is formed from a flexible material such as 
plastic, with the convolutions formed therein. The flexible material and convolutions allow 
tubing 14 to be positioned or routed along any desired surface so that the electrical cable 12 (or 
other suitable electrical conductors) will likewise be routed from one location to another. For 
example, tubing 14 may be used to carry and protect electrical conductors from a junction box to 
terminal connection locations associated with an electric motor, generator or engine. 

The convolutions formed in outer surface 20 of tubing 14 are illustrated as being annular 
shaped in the embodiment shown in Figs. 1-3. However, it is to also be understood that non- 
smooth outer surface 20 may be formed with other than annular shaped convolutions. For 
example, outer surface 20 may have a non-smooth outer surface with a spiral shape. The term 
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"non-smooth" used to described outer surface 20 is not intended to mean mere surface roughness 
of tubing 14. Rather, tubing 14 is formed with a "non-smooth" surface which allows bending 
and flexing of tubing 12 without kinking or other physical damage. 

Tubing 14, in the embodiment shown in Figs. 1-3, is formed with a solid sidewall 
5 extending the entire length thereof. Tubing 14 may also optionally include a longitudinal split 
extending the entire length or only a portion of the length thereof to allow electrical conductors 
to be inserted or removed. Preferably, however, tubing 14 does not include a longitudinal slit so 
that it may be hermetically sealed using electrical components 16 or 18 at either end thereof. 
Tubing 14 is preferably formed from plastic, but may also be formed from other suitable 
^ 1 0 materials, such as a thin walled, metal material 

CO Electrical cable 12 includes a plurality of electrical conductors 24, 26 and 28. In the 

%Q embodiment shown, conductor 24 is in the form of a line conductor, conductor 26 is in the form 

Jll of a neutral conductor, and conductor 28 is in the form of a ground conductor. Electrical cable 

;L - 12 occupies a cross-sectional area within tubing 14 which is less than the cross sectional area of 

U 15 tubin S 14, thereby allowing electrical cable 12 to be easily inserted into or withdrawn from 
rj tubing 14. Electrical conductors 24-28 may alternatively be separate conductors which are 

carried within tubing 14, rather than being joined together in the form of cable 12. 

Electrical component 16, in the embodiment shown, is in the form of an electrical 
connector having a plurality of electrical terminals 30, 32 and 34. Terminal 30 is electrically 
20 connected with line conductor 24; terminal 32 is electrically connected with neutral conductor 
26; and terminal 34 is electrically connected with ground conductor 28, as indicated by the 
respective interconnecting phantom lines shown in Fig. 3. Electrical connector 16 is positioned 
at an end 36 of tubing 14, and hermetically seals tubing 14 at end 36. More particularly, 
electrical connector 16 includes an insert body 38 which is inserted into end 36 of tubing 14. 
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End 36, with insert body 38 inserted therein, are then placed within a mold and plastic is injected 
into the mold to define connector 16 surrounding a portion of outer surface 20 as well as insert 
body 38. The outer periphery of insert body 3 8^ structured such that only a predetermined 

A 

amount of plastic flows into the space between insert body 38 and inner surface 22 of tubing 14. 
5 As a result of the injection molding process, connector 16 has an outer periphery radially within 
inner surface 22 which is in continuous, intimate physical contact with inner surface 22. A snap- 
fit projection 39 may be inserted into an opening of a workpiece (not shown) to allow connector 
16 to be coupled with the workpiece. 

Electrical component 18, in the embodiment shown, is in the form of a plug which 
10 hermetically seals end 40 of tubing 14. Electrical cable 12 extends through and is sealed with 
plug 18. To wit, plug 18 may be formed with a longitudinally extending cut out which 
frictionally engages cable 12, or may be formed directly around cable 12 using an insert molding 
process. 

Referring to Fig. 4, plug 18 is shown in greater detail. Plug 18 has a generally frusto- 
15 conical shaped outer periphery which allows it to be placed within inner surface 22 of tubing 14 
at end 40 and thereby frictionally engage inner surface 22. Plug 18 preferably includes an outer 
periphery having one or more annular projections 42 which engage inner surface 22 and retain 
plug 18 within tubing 14. A distal shoulder 44 at the larger diameter end of plug 18 prevents 
plug 18 from being inserted to far within tubing 14. 
20 In contrast with conventional electrical tubing assemblies, electrical connector 16 has an 

outer periphery within tubing 14 which exactly conforms to the shape of inner surface 22. 
Electrical connector 16 thus is axially fixed with respect to tubing 14 and cannot slide in an axial 
direction with respect to tubing 14. Further, the portion of electrical connector 16 extending 
radialy outward from outer surface 20 also exactly conforms to the shape of outer surface 20 to 
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prevent axial movement of electrical connector 16 relative to tubing 14. By preventing electrical 
connector 16 from sliding in an axial direction along tubing 14, the electrical conductors within 
tubing 14 are likewise not displaced which prevents undue stress at the electrical connection 
interface between conductors 24-28 and terminals 30-34. 
5 In the embodiment of electrical assembly 10 shown in Figs. 1-4 and described above, 

electrical connector 16 is coupled with tubing 14 via an insert molding process, and plug 18 is 
coupled with tubing 14 via a press fit. However, it is also apparent that electrical connector 16 
may be coupled with tubing 14 via a press fit or other suitable interconnection technique, as long 
as end 36 of tubing 14 is hermetically sealed with electrical connector 16. Other interconnection 

1 0 techniques between plug 1 8 and tubing 14 are also possible. 

While this invention has been described as having a preferred design, the present 
invention can be further modified within the spirit and scope of this disclosure. This application 
is therefore intended to cover any variations, uses, or adaptations of the invention using its 
general principles. Further, this application is intended to cover such departures from the present 

1 5 disclosure as come within known or customary practice in the art to which this invention pertains 
and which fall within the limits of the appended claims. 
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